Background-Induced sputum and methacholine inhalation challenge are routinely used for the assessment of airway inflammation and airway hyperresponsiveness, respectively. This study investigates whether a methacholine challenge performed one hour before sputum induction alters the cellular and biochemical constituents of sputum. Methods-Sixteen stable asthmatic patients with lung function within the normal range underwent two sputum inductions within one week. One hour before one of the sputum inductions a methacholine challenge was performed. Results-There were no significant diVerences in total cell count, macrophages, neutrophils,eosinophils,lymphocytes,epithelial cells, ECP, and albumin between the two challenges. The repeatability of cell counts was good for all cells, ECP and albumin, but poor for total cells. Conclusions-In patients with stable asthma a methacholine challenge carried out one hour before sputum induction does not significantly alter the cellular and biochemical constituents of sputum. (Thorax 1999;54:37-39) Keywords: asthma; methacholine challenge; induced sputum Airway inflammation and airway hyperresponsiveness are characteristics of bronchial asthma.
Airway inflammation and airway hyperresponsiveness are characteristics of bronchial asthma.
1 Airway hyperresponsiveness is frequently assessed by methacholine inhalation challenge. 2 Airway inflammation can be assessed invasively by bronchoscopy or noninvasively by induced sputum. [3] [4] [5] [6] [7] Because of the loose relationships between airway inflammation and airway hyperresponsiveness, 8 these assessments may yield complementary information. In clinical studies it would be useful if airway inflammation and airway hyperresponsiveness could be measured at the same visit. To achieve this, methacholine challenge must precede sputum induction as sputum induction requires premedication with 2 agonists. 9 It is not known whether a methacholine challenge carried out before sputum induction alters the sputum cell count. This study compares the total and diVerential cell counts as well as the biochemical characteristics (ECP, albumin) of induced sputum obtained with or without a prior methacholine inhalation challenge.
Methods

SUBJECTS
Sixteen non-smoking subjects with bronchial asthma, defined as a clinical history of intermittent wheeze, cough, chest tightness, or dyspnoea, participated in the study (table 1) . Subjects were taking only inhaled short acting 2 agonists on an as needed basis for their asthma.
At the time of the study all subjects were in a stable clinical condition as demonstrated by the low daily variability (<15%) of peak flow measurements during the two weeks before the study and by the low variability in forced expiratory volume in one second (FEV 1 ) performed in the two days of the study (table 1). All subjects had lung function within the normal range and methacholine airway responsiveness with the dose required to provoke a fall in FEV 1 of 20% or more (PD 20 FEV 1 ) of <1600 µg. 10 Each subject attended the laboratory on two occasions within one week at least 48 hours apart. On one occasion, at random, sputum induction was performed one hour after methacholine challenge. The sputum induction was performed at the same time of the day on the two occasions.
The study was approved by the ethics committee of Fondazione Maugeri and all subjects gave written informed consent.
METHACHOLINE CHALLENGE
Methacholine (Sigma Chemicals Co, St Louis, Missouri, USA) was dissolved in distilled water and delivered by an ampoule dosimeter device (Mefar, Brescia, Italy) driven by compressed air at a pressure of 1.5 kg/m 2 with one second actuations and five second intervals between breaths. Aerosols were inhaled during quiet 
Sputum processing
The collected sputum samples were examined within two hours. Selected portions of the sputum sample originating from the lower respiratory tract were chosen using an inverted microscope and weighed. Dithiothreitol (DTT, Sputolysin, Calbiochem Corp, San Diego, California, USA), freshly prepared in a dilution of one in 10 with distilled water, was added in a volume (in litres) equal to four times the weight of the sputum portion (in mg). Selected sputum was placed in a shaking water bath at 37°C for 20 minutes to ensure complete homogenisation. It was further diluted with phosphate buVered saline in a volume equal to the sputum plus DTT. The suspension was filtered through gauze to remove mucus and was centrifuged at 1000g for five minutes. The supernatant was aspirated and frozen at -70°C for later ECP (µ g/ml) and albumin (µ g/ml)
analysis by radioimmunoassay (RIA; Kaby Pharmacia Diagnostic AB, Uppsala, Sweden). The cell pellet was resuspended in a volume of PBS equal to that of the sputum plus DTT and PBS as above. Total cell count (TCC) and viability (Trypan blue exclusion method) were determined using a Burke's chamber haemocytometer. The cell suspension was placed in a Shandon 3 cytocentrifuge (Shandon Southern Instruments, Sewickley, Pennsylvania, USA) and cytospins were prepared at 450 rpm for six minutes. Cytospin slides were fixed in methanol and stained with May-Grunwald Giemsa for an overall diVerential cell count of 500 nucleated non-squamous cells. Only samples with cell viability of >50% and squamous cell contamination of <20% were considered adequate. All subjects were able to produce an adequate sample on the two occasions. All sputum counts and measurements were performed blind to the clinical details.
STATISTICAL ANALYSIS
Descriptive statistics were used to summarise the clinical and demographic characteristics of the subjects. Data were reported as the arithmetic mean and standard deviation. PD 20 data were log transformed and reported as geometric means. Wilcoxon signed rank tests were used to compare cell counts and biochemical markers of the two sputum samples. The repeatability of measurements was examined by the reliability coeYcient (intraclass correlation coeYcient = R) as the proportion of the variance in the measures due to the true variance between subjects. Data are presented as median and interquartile range. A value of p<0.05 was considered statistically significant.
Results
Total and diVerential cell counts with and without methacholine challenge are shown in table 2. There were no significant diVerences in total cell count, percentage or absolute numbers of sputum macrophages, neutrophils, eosinophils, lymphocytes, and epithelial cells with and without methacholine challenge. There was no significant diVerence between sputum cell viability with (median 79%, range 59-88) and without (median 80%, range 76-90) methacholine challenge. Again, no significant diVerences were noted in sputum ECP and albumin levels. The repeatability (R) of cell counts was good for all cells, ECP and albumin, but poor for total cells.
Discussion
This study in asthmatic patients shows that a methacholine challenge carried out one hour before induction of sputum does not significantly alter the cellular and biochemical constituents of the sputum.
The eVects of methacholine challenge on bronchoalveolar lavage (BAL) fluid cell count have been extensively evaluated in previous studies. Lam et al showed that a methacholine challenge performed 10 minutes before bronchoscopy did not alter significantly the BAL fluid cell counts. 11 Beasley et al found that the numbers of nucleated cells in BAL fluid were increased 18 hours after methacholine challenge in asthmatic subjects. However, the percentages of each inflammatory cell type, such as lymphocytes, eosinophils, neutrophils and macrophages, were unchanged. 12 In contrast, Soderberg et al found that neither cell count nor albumin concentration were changed in BAL fluid 24 hours after methacholine challenge. 13 Although the results of BAL fluid and sputum studies cannot be directly compared, the results of the present study confirm that methacholine challenge does not alter significantly the assessment of airway inflammation. We believe our results may be helpful for both clinical purposes and for designing clinical trials in which information on airway inflammation and airway hyperresponsiveness is sought.
